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Int ro duct io n

T he  Berke ley  Comic ray  consists of  sev e ra l  i tems. Cosmic ray s
strike  tw o scint illat o r paddles and produce  a  few  photons of
l ights.  T hese  photons a re  de tected by  a pho t o t ube .  A
phototube  is glued to each of  the  scint i l la tor paddles.  A PC
bo ard prov ides pow er for the  phototube , processes the  signa ls,
and display s the  number of  cosmic ray s.  A CB L int erf ace  can
be  used to digit iz e  the  da ta .  A w o o den bo x  prov ides
mechanica l  support  and protect ion for the  de tector.  Appendix I
l ists an abbrev ia ted l ist  of  the  components needed to bui ld the
de tector.

T he  fol low ing informat ion is a  guide  to assembling the
de tector.  For more  informat ion on this project , please  contact :

How ard Ma t is
MS  70-319
Law rence  Be rke ley  N a t iona l Labora tory
Berke ley , CA 94720

Alte rna t iv e ly , y ou can send e -ma il  to     HS Mat is@lbl.gov    .

S imple  cosmic ray  de tectors prev iously  hav e  been made  a t  the
S tanford Linea r Acce le ra tor Cente r (S LAC.  More  de ta i ls of  the
S LAC de tector can be  found in S LAC publica t ion1 S LAC-T N -95-1.

A student  a t  Be rke ley  Lab, Henry  Cheng, prepa red an ea rl ie r
v e rsion of  this report .  T here  is an exce l lent  descript ion of
machining the  scint i l la tor and gluing it  to a  phototube .  T his
can be  found on the  Web a t :

ht tp://csee .lbl .gov /cup/S u98/HCheng/homepage .htm

                                                
1 Eric Harpell, Willy Langeveld, Don McShurley, Steve Shapiro, John Venuti, The CCRT: an
inexpensive comic ray muon detector.  Willy Langeveld is the main contact.
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Asse mbling t he  bo x

T he  box consists of  sev en w ood pieces and one  Lucite  piece .
Appendix D conta ins a  de ta i led descript ion and show s the
dimensions of  the  box.

T he  w ood pieces a re  a t tached using w ood screw s and a
screw driv e r.  Af te rw ards, y ou should sand and sta in the  box to
protect  i ts surface .  T he  Lucite  piece  is not  a t tached unt i l  a f te r
the  coincidence  circuit  has been assembled and a t tached to i t .

Inst a l l ing  t he  po w er c o nnec t o r
T he  w ood is too thick to mount  the  pow er connector, so y ou
need to replace  a  port ion of  the  box w ith a  sma ll  a luminum
pla te , w hich can support  the  connector.  Dri l l  a  hole  for the
connector in an a luminum pla te .  Dri l l  tw o holes through the
pla te  for screw s, one  on e ithe r side  of  the  hole  for the
connector.  Remov e  a  piece  of  the  box a t  the  top edge  (w hich
meets the  Lucite ) of  the  piece  behind the  ends of  the
phototubes.  T he  hole  must  be  la rge  enough for the  connector,
but  sma ll  enough for the  pla te  to be  screw ed on ov er i t .  S crew
the  pla te  ov e r the  hole .  At tach the  connector.  S older a  w ire
f rom the  squa re  hole  of  “ DC in”  on the  circuit  boa rd (pow er) to
the  cente r pin of  the  connector.  S older the  w ire  f rom the  round
hole  (ground) to the  outside  pin.

CBL
Dri l l  a  hole  la rge  enough for the  CBL cord.  Keep in mind w here
y ou plan to put  the  screw s to hold the  Lucite .

M aking t he  sc int illat o r

T he  scint i l la tor must  be  glued to the  phototube  so tha t  tha t  a
minimum of  l ight  is lost  a t  the  inte rface  of  the  tube  and
scint i l la tor.  I t  is best  i f  one  end of  the  scint i l la tor is less than
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or equa l to the  diamete r of  the  face  of  the  phototube  so tha t
the  l ight  t rav e l ing through the  na rrow  end of  the  scint i l la tor
strikes the  phototube .  Y ou w ant  the  other end of  the
scint i l la tor to be  w ider so tha t  the  de tector can count  more
cosmic ray s.  T he  phototube  must  be  able  to support  the  w e ight
of  the  scint i l la tor w hen it  is glued.  Also, keep in mind the  siz e

box y ou plan to use  to hold the  paddles.  T he  phototubes tha t
w e  used had a  diamete r of  3/4” .  We  used the  fol low ing
dimensions for the  scint i l la tors:

Po l ishing  t he  sc int i l la t o r
Afte r the  scint i l la tors a re  cut  into desired shape  and siz e ,
pol ish a l l  sides of  the  scint i l la tor, except  the  top and bottom
surface .

First , pol ish a l l  sides of  the  scint i l la tor using 600-grid
sandpaper.  Be fore  pol ishing, w e t  the  sandpaper f irst .  Wash of f
a l l  dirt  and dust  occasiona l ly  w hile  sanding the  scint i l la tor.

T hen use  a  rota t ing round-table  machine  designed for pol ishing
plast ic and scint i l la tors to do a  second pol ishing.  Cov er the
rota t ing table  w ith Putz  Pomade , a  pol ishing mate ria l  tha t  is
closed to 800 grid.  T urn on the  machine  and hold on to
scint i l la tor w hile  the  machine  is pol ishing the  scint i l la tor.  Le t
the  machine  pol ish the  scint i l la tor for 30 seconds for each side .
T hen turn the  scint i l la tor a round and pol ish for another 30
seconds for each side .  Wash of f  a l l  Putz  Pomade  on the
scint i l la tor.

T hen use  the  same machine , but  this t ime  cov er i t  w ith a lumina
pow der.  S prinkle  the  pow der ov er the  round-table  and pour a
bit  w a rm w a te r to make  it  some sort  of  paste .  T his paste  is
equiv a lent  to 1200 grid.  Use  the  same technique  of  pol ishing
as described abov e .  Wash the  scint i l la tor. Alw ay s w ash
scint i l la tors w ith cold or room tempera ture  w a te r.

Gluing  t he  sc int i l la t o r t o  t he  pho t o t ube
Afte r the  scint i l la tor is done  be ing pol ished, i t  is ready  to be
glued to the  phototube .  We  use  grav ity  to make  sure  the  ent ire
surface  of  the  scint i l la tor is glued ev enly  onto the  phototube .
We  use  a  stand to keep the  phototube  f rom fa l l ing ov er (but  the
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stand nev er actua l ly  touches the  phototube ).  We  put  the
scint i l la tor on a  f la t  surface  to make  sure  i t  is 90 degrees
upright .  T hem w e  cl ip i t  to some heav y  sol id to ma inta in i ts
posit ion.

We  use  a  glue  tha t  is a  mixture  of  “ 826”  and “ U” .  T he  mixture
is 3 to 1 respect iv e ly .  We  f irst  hav e  to w arm up the  both l iquid
sepa ra te ly  and the  mix it  w ith the  abov e  recipe .  Do not  mix
too much of  i t  because  w e  only  need a  l i t t le .  T hen v acuum it
w ith an a ir pump so tha t  the re  a re  no a ir bubbles in the
mixture .  T hen it  is ready  to glue  the  scint i l la tor to the
phototube .

Use  easy -to-remov e  tape  to cov er the  a rea  tha t  is close  to the
t ip of  the  scint i l la tor so tha t  the  glue  w on’t  st ick to the  surface
of  the  scint i l la tor.  Apply  the  glue  on the  t ip surface  of  the
scint i l la tor and put  the  phototube  on top of  i t .  T hen pee l of f
the  tape  by  the  t ip of  the  scint i l la tor.  Wa it  a t  least  3 hours for
the  glue  to sol idify .  Do not  touch this glue  w ith y our f ingers!

Wrapp ing
Be fore  gluing the  scint i l la tor to the  tube , cut  tw o pieces of
black ca rdboard for the  top and bottom surfaces of  the
scint i l la tor.  T he  siz e  of  the  ca rdboard should be  a  t iny  bit
sma lle r than the  surface  of  the  scint i l la tor.  Af te r the
scint i l la tor is glued to the  tube , i t  is ready  to be  w rapped.

First , w rap the  scint i l la tor w ith a luminum foi l .  Av oid contact
w ith the  phototube  because  the  end of  the  tube  w il l  be  a t  high
v oltage .  T hen tape  the  tw o a lready -cut  ca rdboard pieces onto
the  top and bottom surfaces of  the  scint i l la tor.  Make  sure  tha t
the  ca rdboard is touching the  glass of  the  phototube .  T hen use
black tape  to cov er a l l  sides of  the  scint i l la tor.  Also, use  the
black tape  to w rap a round the  contact  a rea  be tw een the
phototube  and the  scint i l la tor.

Asse mbling t he  PC bo ard

We hav e  crea ted a  PC Boa rd, w hich holds the  e lectronics for the
de tector.  Y ou w il l  need the  fol low ing items to assemble  the  PC
Board.

1. damp sponge

2. clean soldering iron

3. soldering iron

4. solder

5. solder w ick (to remov e  solder)
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T he  soldering iron can be  dangerous.  Make  sure  tha t  y ou a re
ca re ful  w hen w orking w ith i t .  I t  can produce  v e ry  sev e re
burns.  Make  sure  i t  rests in a  secure  a rea  so tha t  i t  does not
cause  a  f ire .

S e lect  a  clean w e l l -l i t  place  to w ork.  Y ou should choose  a
comfortable  cha ir a t  an appropria te  he ight .

Put  t he  resist o rs o n t he  bo ard .
T he  resistors a re  banded for ident if ica t ion.  T he  ident if ica t ion
scheme can be  found in Appendix B.  T o check tha t  y ou a re
w orking w ith the  correct  pieces, compare  the  pa rt  name w ith
the  band colors l isted on the  pa rts l ist .  T he  fourth band is gold
on ev e ry  resistor.  By  conv ent ion, each resistor on the  boa rd is
posit ioned so tha t  each gold band l ies in the  same direct ion.
For example , y ou could put  a l l  the  bands on the  right  for the
horiz onta l  resistors and dow n for the  v e rt ica l  resistors.

Pick a  resistor to sta rt  w ith and consult  the  Pa rts List , w hich
w il l  te l l  y ou the  corresponding loca t ion on the  boa rd.  T he
resistor i tse lf  should l ie  on the  labe led side  of  the  boa rd, w ith
its w ires extending to the  other side .

T o place  a  resistor onto the  boa rd, gent ly  bend the  tw o pieces
of  w ire  in the  same direct ion close  to the  resistor.  T he  resistor
should be  roughly  perpendicula r to the  bent  w ire , making a
square  U-shape .  S l ide  the  w ires into the  designa ted holes in on
the  boa rd unt i l  the  resistor is touching the  boa rd.  Hold the
resistor on the  boa rd, turn the  boa rd ov er, and bend the  tw o
w ires aw ay  f rom each other sl ight ly .  T hey  need to be  bent  so
tha t  they  can rema in on the  boa rd w hen it  is turned upside -
dow n.

So lder t he  resist o rs o nt o  t he  bo ard .
Place  the  boa rd face  dow n on y our w orkspace .  Using a
soldering iron and solder, a t tach each resistor to the  boa rd.
S older on the  backside  of  the  boa rd.  T ouch the  t ip of  the
soldering iron to the  w ire  of  the  resistor and the  meta l l ic pad
on the  boa rd.  Hold the  soldering iron in one  hand and the
solder in the  other.  Unw ind some of  the  solder so tha t  y ou
hav e  a  piece  extended f rom y our hand.  T ouch this piece  to the
hot  pad and w ire  of  the  resistor w hile  keeping the  iron in place .
Hea t  makes the  solder f low .  Feed a  sma ll  amount  of  solder,
then remov e  the  soldering w ire , keeping the  soldering iron in
place  for a  few  seconds.  Fina l ly , remov e  the  soldering iron.
Y ou do not  w ant  to take  a  long t ime  soldering the  pa rts because
the  high tempera tures w i l l  ev entua l ly  damage  them.  T he
solder should comple te ly  cov er the  pad, and should st ick to the
w ire  and the  pad.  I f  i t  does not , t ry  using the  soldering iron to
apply  more  hea t .
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Check y our soldering joints; they  should comple te ly  cov er the
meta l l ic pad and surround the  w ire .  T hen use  w ire  cut te rs to
cut  of f  the  w ire  just  abov e  the  mound of  solder.

Plac e  t he  c apac i t o rs o n t he  bo ard .
Choose  a  capacitor and sl ide  i t  into the  corresponding loca t ion.
Remember to bend the  w ires to hold the  capacitor on the  boa rd.
S ome capacitors a re  marked w ith a  “ +”  or “ -”  sign.  For these
capacitors, the re  is a  corresponding “ +”  or “ -”  marked on the
board.  Put  the  “ +”  on the  capacitor on the  same side  of  the
board as the  “ +”  on the  boa rd.  T he  same should be  done  w hen
the  capacitor and boa rd a re  both marked w ith “ -”  signs.  I f  the
board and capacitor giv e  no indica t ion of  cha rge , the  placement
of  the  capacitor does not  matte r.

So lder t he  c apac i t o rs o nt o  t he  bo ard .
Once  y ou hav e  stuf fed the  boa rd w ith the  capacitors, solder
these  joints.  T hen cut  the  excess w ire .

Plac e  t he  int eg rat ed  c irc ui t s o n t he  bo ard .
Each of  these  pieces has many  pins tha t  can make  them tricky
to put  on the  boa rd.  I f  a  piece  does not  stay  f irmly  on the
board, use  y our f ingerna i l  to bend one  of  the  legs to keep it  in
place .

So lder t he  int eg rat ed  c irc ui t s.
T hese  pieces hav e  many  pins and it  is important  the  solder
makes a  good connect ion be tw een each pin and the  boa rd.

Put  t he  remaining  p iec es o n t he  bo ard  and  so lder.
Dio d e s:  Place  the  diodes on the  boa rd l ike  resistors, but  use  the
fol low ing orienta t ion: On the  boa rd, each box indica t ing the
posit ion of  the  diode  is spl i t  into tw o boxes, a  la rger one  and a
sma lle r one .  T he  thick black band on one  end of  the  diode
should be  placed abov e  the  sma lle r box.

Bu zze r:  Pla ce  the  buz z er on the  boa rd, making sure  to put  the
pin on the  “ +”  side  of  the  buz z er in the  squa re  hole .

Switch e s:  Make  sure  the  sw itches a re  f lush w ith the  boa rd
be fore  soldering.  Y ou may  need to use  tape  to hold them in
place .

L ED:  T his piece  can me lt  easi ly  w ith hea t .  T here fore , do not
push this piece  a l l  the  w ay  dow n onto the  boa rd.  Instead,
leav e  a  few  mil l imete rs be tw een the  base  of  the  piece  and the
board.  S older the  w ires w e l l , but  do it  a s quickly  as possible .
T he  longer leg must  go in the  squa re  hole .
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Re g u lato r an d  He at  S in k:  T he  regula tor, a t  U1, needs a  hea t  sink.
T he  hea t  sink must  be  low er than the  top of  the  LED numbers,
so t rim the  hea t  sink i f  needed.

Co nne ct  t he  CBL

Cut  back 1/2”  to 1”  of  the  gray  plast ic CBL cord w ithout  cut t ing
the  w ires inside .  S t rip the  w hite  and black w ires, by
approximate ly  1/3 of  an inch.  T his should be  long enough to
solder onto the  boa rd.  Make  sure  tha t  y ou hav e  most  of  the
w ire  ra ther than a  few  strands.  I f  y ou accidenta l ly  cut  too
much of  the  w ire , st rip more , cut t ing back more  of  the  gray
cov ering.  T ry  to make  both of  the  w ires approximate ly  the
same length.

T w ist  the  w ires so tha t  they  w i l l  sl ide  into the  hole  more
easi ly .  Pre -t in the  w ires.  Put  the  black w ire  (ground) through
the  round CBL hole , and the  w hite  w ire  (signa l) through the
square  CBL hole .  S older each w ire  to the  boa rd, and t rim the
excess.  T he  CBL cord plugs into the  “ DIG IN ”  channe l on the
CBL.  T o test  the  CBL, y ou need to use  the  appropria te
programs, and y ou must  connect  y our T I  ca lcula tor to the  CBL
w ith the  cord tha t  comes w ith y ou ca lcula tor.

At t ach t he  po we r supply wire s

Pow er is connected to DCin.  T he  squa re  hole  is for pow er; the
round one  is ground.  Use  a  12-v olt  pow er source .  Once  the  box
is bui lt , a  pow er source—the  t ransformer or pow er supply  tha t
can be  used w ith y our ca r—w il l  a t tach to a  connector.  T he
board w il l  rece iv e  pow er f rom w ires, w hich a re  soldered f rom
this connector to DCin.  In the  meant ime , y ou can test  the  boa rd
by  using any  12-v olt  source .

Co nne ct  t he  pho t o mult iplie r t ube  wire s

First , st rip the  y e l low  and w hite  w ires of  the  phototube .2  T w ist
the  ends of  the  tw o w ires toge ther and solder them.  Wrap the
end of  the  w ires in tape .  Do the  same w ith the  other
phototube .

S trip the  thin red and black w ires, exposing approximate ly  1/4-
1/3 inch, so tha t  they  can be  soldered to the  boa rd.  T ry  to
remov e  just  the  plast ic, leav ing as much w ire  as possible .  I f
y ou hav e  cut  through most  of  the  w ire , sta rt  ov e r by  st ripping

                                                
2 These instructions are for the model P30CW5 phototube manufactured by Electron
Tubes Limited, 100 Forge Way, Unit F, Rockaway, NJ 07866, USA.  They can be reached
at 800-521-8382 or at    phototubes@aol.com    .  Other manufacturer’s tubes can be used.
However, these instructions might need to be modified.
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aga in.  T ry  to ge t  each w ire  approximate ly  the  same length.
T w ist  each w ire , so tha t  i t  w i l l  more  readi ly  sl ide  onto the
board.  Pre -t in the  w ire  by  apply ing a  l i t t le  solder and hea t
be fore  t ry ing to a t tach it  to the  boa rd.  S l ide  the  black w ire
(ground) into the  round hole  of  DC1in, and sl ide  the  red w ire
(pow er) into the  squa re  hole .  S older each w ire  to the  boa rd,
t rimming the  excess.  T he  signa l w ire  goes into the  squa re
S ig1In.  T he  ground w ire  goes in the  round hole .

Fol low  the  same procedure  w ith the  other phototube , using
DC2In and S ig2In.

If wire s bre ak

T he  w ires supply ing pow er, ca rry ing signa l to the  phototubes,
and connect ing to the  CBL a re  a l l  prone  to breaking a t  the  point
w here  they  a re  soldered on.  I f  this happens, remov e  the  w ire
f rom the  boa rd and clea r the  hole .  Re -st rip and re -solder the
w ire .  Once  the  boa rd is comple ted and mounted on the  Lucite ,
w hich, in turn, is screw ed onto the  box, the  w ires should cease
de taching because  they  should not  be  experiencing any  more
stra in.  Unt i l  then, handle  the  boa rd gent ly , and av oid pul l ing
on the  w ires.

S t rain re lie f

Insta l l  the  st ra in re l ie f  just  be low  the  hole  for the  CBL w ire .
T he  stra in re l ie f  absorbs the  st ress of  someone  pul l ing on the
w ire  instead of  a l low ing the  w ire  to pul l  on the  boa rd.  Use
plast ic t ies, i f  necessa ry , to hold the  w ire  f irmly .  Insta l l  a
second stra in re l ie f  for added support .  Be fore  securing the  w ire
to the  st ra in re l ie f , check tha t  y ou a re  leav ing an appropria te
amount  of  sla ck.  T est  the  st ra in re l ie f  by  pul l ing on the  w ire  a
few  t imes.

Adjust ing t he  pho t o t ube s

T urn the  de tector on and hav e  it  count  singles on the  phototube
y ou a re  adjust ing.  Using a  sma ll , na rrow  screw driv e r, turn the
screw  in the  back of  the  phototube  unt i l  the  count  ra te  is
hundreds per minute  and is approximate ly  the  same on each
phototube .  T o check tha t  y ou hav e  e l imina ted the  background
noise , remov e  the  paddles f rom the  de tector.  Keep them
para l le l  to the  ground, but  sepa ra te  them as much as possible .
Hav e  the  de tector count  in coincidence .  T he  count  should be
z ero or a  few  counts.  Check this sev e ra l  t imes.  T hen put  the
phototubes in the  de tectors, turn it  on, and count  in
coincidence .  Y ou now  a re  count ing cosmic ray s.



9

Y ou can increase  the  count  ra te  by  putt ing a  radioact iv e  source
nea r the  scint i l la tor because  the  scint i l la tor responds to the
radia t ion.

Inst alling t he  paddle s int o  t he  bo x

Hose  clamps w il l  secure  the  paddles in the  box.  T o cushion the
phototubes, they  a re  w rapped in a  4”  long strip of  rubber.  T rim
the  w idth of  the  rubber unt i l  i t  w raps a round the  phototube  and
the  ends meet  or come v e ry  close  to meet ing w ithout
ov erlapping.  T he  ends should meet  such tha t  w hen the
phototube  is put  into the  box, the  ends a re  not  v isible .  T he
rubber should cov er the  phototubes, leav ing approximate ly  an
inch and a  ha lf  a t  the  bottom to a f f ix a  high v oltage  labe l.  Use
sma ll  black pieces of  tape  to secure  the  rubber t ight ly  a round
the  phototube .  T hese  pieces of  tape  should not  be  v isible  a f te r
putt ing the  phototubes into the  box.

Punch a  hole  in each of  the  four hose  clamps, remembering y ou
need to adjust  these  clamps.  Using a  penci l  and rule r, mark
w here  y ou w il l  put  the  screw s to hold the  clamps.  T his spot
should be  situa ted so tha t  i t  w i l l  hold the  scint i l la tor pa ra l le l
w ith the  sides and in the  middle  of  the  groov e  in the  box.  S l ide
the  paddles in the  box to ge t  a  sense  of  w here  the  clamps need
to go to e f fect iv e ly  support  the  phototubes, and stay  ov er the
rubber to protect  them.  Pre -dri l l  the  holes and a t tach the
clamps.  Put  the  phototubes in the  clamps and t ighten the
clamps w ith a  screw driv e r.

Put  a  st ra in re l ie f  be tw een the  tw o phototubes.  Use  a  la rge
plast ic t ie  to bundle  the  extra  w ire , looping the  t ie  through the
stra in re l ie f .  Leav e  some slack for remov ing the  circuit  boa rd
or Lucite .

Lucit e

T he  Lucite  pane l prov ides support  for the  PC boa rd.  I t  is
mounted on the  w ooden box.

First  dri l l  holes for the  screw s into the  box and counte rsink
them appropria te ly . T he  PC Boa rd has sev e ra l  sw itches, w hich
a re  used to a t tach it  to the  Lucite  pane l.  T he  sw itches require
1/4-inch holes and the  buz z er needs a  1-inch hole .  T hese  holes
do not  need counte rsinks.  Be fore  dri l l ing the  holes, mark the
loca t ions w ith permanent  marker.  T his can la te r be  remov ed
w ith a lcohol.
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Appendix A: List of
Materials

1. assembling the  PC boa rd:

circuit  boa rd

circuit  boa rd components

connector w ires

solder

2. building the  w ooden box:

w ood pieces (7) [see  ]

Lucite  piece  (1) [see  ]

sta in

3. mount ing the  scint i l la tor paddles:

hose  clamps (4)

rubber st rip

high v oltage  st icke rs (2)

4. making the  paddles:

phototube  (2)

scint i l la tor pieces (2)

foi l , ca rdboard, tape

5. w ood screw s:

6. mount ing the  connector:

7. a luminum pla te

8. connector (chassis, compat ible  w ith t ransformer)

9. 12-v olt  t ransformer
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Appendix B: Resistor
Color Codes

Each resistor is labe led by  three  colored bands.  T hese  bands
ident ify  the  resistance  of  the  resistor.  T he  f irst  tw o bands
indica te  the  f irst  tw o digits of  the  resistance  w hile  the  third
band indica tes the  mult ipl ie r of  10.  T he  units a re  ohms.  T he
colors a re  ident if ied by :

0 black

1 brow n

2 red

3 orange

4 y e l low

5 green

6 blue

7 v iole t

8 gray

9 w hite

For instance , suppose  y ou f ind a  resistor tha t  is coded blue -red-
orange .  T he  numerica l  v a lues a re  f rom the  abov e  table—6-2-3.
T he  resistance  is 60 (the  f irst  number is the  tens digit ) plus 2
for t imes 10 ra ised to the  third pow er.  T here fore , the
resistance  of  this resistor can be  ca lcula ted as

60 + 2( )⋅103 = 62, 000W

Often, the re  is a  fourth band.  A gold band indica tes tha t  the
accuracy  of  the  resistor is 1%; a  si lv e r band show s tha t  i t  is 5%.
I f  the re  is no fourth band, then the  tole rance  is 20%
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Appendix C: Parts
List

Resist o rs:
Quant it y Locat ion Part  and Band Co lors
3 RN 1, RN 2, RN 3 1.1kΩ: brow n, brow n,

red
2 R8, R20 1.1kΩ: brow n, brow n,

red
3 R1, R7, R19 51Ω: green, brow n,

black
4 R2, R16, R22, R23 10kΩ: brow n, black,

orange
4 R3, R6, R15, R18 11kΩ: brow n, brow n,

orange
4 R4, R9, R17, R21 12kΩ: brow n, red,

orange
2 R5, R24 100kΩ: brow n, black,

y e l low
1 R24 100kΩ: (v a riable )
3 R10, R11, R14 4.7kΩ: y e l low , v iole t ,

red
1 R12 470Ω: y e l low , v iole t ,

brow n
1 R13 120kΩ: brow n, red,

y e l low
1 R25 47kΩ: y e l low , v iole t ,

orange

Capacit o rs:
Quant it y Locat ion Part
2 C1, C2 6.8 mf
2 C5, C11 100 pf
14 C3, C6, C7 , C8, C9,

C10, C12, C14, C15,
C17, C18, C19, C20,
C21

0.1 mf

1 C16 330 mf
1 C13 0.0022 mf
1 C4 1mf

I nt egrat ed circuit s:
Quant it y Locat ion Part
1 U1 LM7805CT
2 U16, U2 N E555
2 U3, U12 48F1889
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1 U4 7408
1 U5 7400
3 U6, U9, U13 7 seg
3 U7, U10, U14 74S 90
1 U8 7447

Ot her Part s:
Quant it y Locat ion Part
2 D1, D4 Diode— can be  any

si l icon diode  such as
1N 447, 1N 448, e tc.

1 D2 buz z er
1 D3 led
3 S 1, S 2, S 3 sw itches
6 JP1, JP2, JP3, JP4, JP5,

JP6
Header 2
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Appendix D:
Dimensions for the
Box Assembly

T he  box, w hich holds the  e lectronics and scint i l la tor, consists
of  sev en pieces.  T he  ov era l l  a ssembly  diagram is show n in
be low :

1

3

2

4

6

3

5
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T he  fol low ing table  show s the  dimensions of  the

indiv idua l pieces of  the  box.  T he  number re fe rs to the

prev ious diagram.

Rectangula r Pieces
Number Quant i t y Width (i nch) Height  (Inch) Thickness  (i nch)
1 1 6. 5 9 0. 75
2 1 6. 5 9 0. 75
3 2 6. 5 11. 25 0. 75
4 1 21 9 0. 75
5 1 7 8 1. 5
6 1 1. 5 6. 5 0. 75

I tem #1 has a  cutout  in i ts cente r.  I ts dimensions a re  described be low :

T he  top of  the  box is a  Lucite  piece , w hich is cut  w ith the  same
dimensions of  i tem 1.

Items 2 need to be  modif ied in the  fol low ing w ay .  First , I tem #2 has tw o
grov es.  T he  fol low ing picture  show s the  loca t ion:

T he  depth of  this grov e  is 0.375” .
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Appendix E: Circuit
Diagram for PC
Board

The following diagram is a
schematic for the PC board.
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